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Preliminary and Short Report
THE STIMULATION OF EPIDERMAL KERATINIZATION BY A
PROTEIN ISOLATED FROM THE SUBMAXILLARY
GLAND OF THE MOUSE*
STANLEY COHEN, PH.D.** AND GEORGE A. ELLIOTT, D.V.M.
A heat-stable protein has recently been isolated
from the submaxillary gland of the male mouse
which, upon injection, elicits precocious eyelid
separation and tooth eruption in the newborn
mouse and rat (1). The eyelids of the treated new-
born mouse will separate as early as the sixth day
after birth, whereas the eyelids of control animals
require twelve to thirteen days to separate. The
protein has a molecular weight of approximately
15,000 and has the unusual property of being
devoid of lysine and phenylalanine. All of the
other common amino acids are present.
In this note, histological evidence is presented
indicating that the observed eyelid separation is a
reflection of a more generalized biological effect,
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namely, an enhancement of epidermal keratiniza-
tion and an increase in the overall thickness of
the epidermis.
MATERIALS AND METHODS
The preparation of the biologically active
protein has been described (1). From 5 to 7 mg of
the pure protein was obtained from the submaxil-
lary glands of 150 adult male mice (Swiss Webster).
Unless otherwise noted, the final pure protein was
used in these experiments. The isolated protein
was dissolved in distilled water and daily sub-
cutaneous injections in the ventral neck region
were made into the experimental animals. The
quantities injected are given in the legends to the
Figures. Litter mates receiving injections of
distilled water were used as control animals.
At the termination of the injection period,
desired specimens were removed, fixed in 10 per
cent neutral formalin, decalcified when necessary,
and embedded by standard procedures. Tissue
sections were stained with routine hematoxylin
and eosin stain.
FIG. la and b. Cross sections of the eyelid area from control, la, and experimental, lb, 8-day-old
rats. The experimental animal had received daily injections (1 jg per 1 gm body weight) of the active
protein. )< 100.
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Fo. 2a and b. Sections of mid-dorsal back skin (epidermis) from control, 2a, and experimental, 2b,
12-day-old mice. The experimental animal had received daily injections (4 jg per 1 gm body weight) of
the active protein. X 470.
0BSEavATI0NS AND DISCUSSION
In our first series of experiments five groups of
newborn mice (4 animals in each group) and five
groups of newborn rats (3 animals in each group)
received daily injections of the protein for periods
ranging from 1 to 20 days. A similar number of
litter mates were used as control ammals and
received injection of distilled water. The groups
of animals were sacrificed at three to five day
intervals. The animals in each group showed a very
similar histological picture.
Typical cross sections of the eyelid area from
experimental and control 8-day-old rats are shown
in Figure la and lb. It can be seen that in the
control animal the epidermis connecting the
eyelids had just started to keratinize, whereas in
the experimental animal the kcratinization process
was considerably advanced and the eyelids had
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FIG. 3a and b. Sections of mid-dorsal back skin (epidermis) from control, 3a, and experimental, 3b,
12-day-old rats. The experimental animal had received daily injections (0.5 tg per 1 gm body weight) of
the active protein. X 200.
begun to separate. An almost identical histological
picture was observed with the 8-day-old mice.
Precocious separation of the eyelids was also noted
by gross observation in experiments with newborn
rabbits and dogs.
The question of whether these keratinizing
changes were limited to the eyelid area or were
more general was then examined. In Figure 2a
and 2b are illustrated typical sections of mid-
dorsal back skin (epidermal portion) from 12-day-
old experimental and control mice. It can be seen
that in the skin of the experimental animal the
thickness of both the keratin and cellular layers
of the epidermis has increased. Mid-dorsal skin
sections prepared from the 12-day-old rats indi-
cated that the skin of this species also responds
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FIG. 4a and b. Sections of the epidermis of the tails of control, 4a, and experimental, 4h, 45-day-old
mice. The experimental animal had received daily injections (8 pg per 1 gm body weight) of a partially
purified fraction (Sephadex 0-75 fraction as described in reference 1). The injections were started when
the animals were 13 days old. X 200.
to the injection of the active protein. Figure 3a
and 3b illustrate the results obtained after 12 daily
injections of the protein into newborn rats.
Our work up to this point involved only the
newborn animal. In another set of experiments
twelve normal mice (six male and six female,
Carworth Farms-i) ranging in age from 12 to 20
days received daily injections of a partially
purified preparation of the factor. Again, a similar
number of litter mates were used as control
animals and received injections of distilled water.
After 3 to 4 weeks of such injections, gross observa-
tion of the mice revealed a clearly visible increase
in the diameter of the tail in all of the experimental
animals. In Figure 4a and 4b are shown typical
sections of the epidermis of the tail in such ani-
mals. In Figure Sn and 5b are illustrated sections
of the epidermis taken from the plantar surface
of the hind foot of these mice. It can be seen that
in both areas there is a marked increase in the
thickness of the epidermal layers. No such marked
differences were noted in sections of mid-dorsal
skin.
It should be mentioned that the injection of the
purified protein into all of the newborn animals
tested also results in a distinct inhibition in the
general growth rate as measured by either body
weight or body size (1). However, no inhibition of
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Fio. 5a and b. Sections of the epidermis taken from the plantar surface of the hind foot of control,
5a, and experimental, 5b, 39-day-old mice. The experimental animal had received daily injections (8 pg
per 1 gm body weight) of the partially purified protein described in Figure 4a and b. The injections were
started when the animals were 14 days old. X 200.
weight gain was observed in the mice when the
injections were started 12 to 20 days after birth.
The reason for this difference is not known.
There remain, of course, many unresolved
problems. Among these are the role (if any) the
isolated protein plays in the normal differentiation
of the epidermis and the mechanism by which the
protein stimulates the keratinizing process. It is
not known whether the epidermis is affected
directly or secondarily. It is hoped that tissue
culture studies will help clarify this question. The
effects of a number of vitamins and hormones,
such as vitamin A and estrogens, on epidermal
structures has been reviewed recently by Laschet
(2). The relationship between these various factors
is obscure. In preliminary experiments in our
laboratory, large doses of vitamin A did not
inhibit the eyelid-opening effects of the sub-
maxillary gland protein. The questions of whether
the effects of the isolated protein are limited to
epidermal structures and whether all epidermal
structures are responsive are under study.
In summary, the subcutaneous injection of a
protein isolated from the submaxillary gland of the
male mouse has been showed to enhance the
keratinizing process in the epidermis of a variety
of animal species.
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